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[»*£] wmm 

[0 0 0 1 l 

*mfom mm £ n tzmmz^mw v - *rm=F- k h -r * « 

[0 0 0 2] 

Sfb»^*fM»fc£&S*tt^*fli^"ri/»S7ti&, -9-7 r >f 7**fc ffcflfv***^ 

ifcfciK 1 ] 1 1 - 4 0 4 8 

[0 0 0 3] 

[0 0 0 4 ] 

oi« a , jL^iia £ ft& fb-r 3 c t am tut & a-fkw*#*# - -f * titt 4 - 1 

[*I*jSftt4fcJ6ofSi3 iyHiwM] 

[0 0 0 5] 

±12 § ffJ & ii^-T h tz tb \z , i OH W O JSffi HJ: s sa-ft»^^#fr u - -9-'^t-{± . 
fcffitt««>«J: •) M^HB£*^*ii«^**tr#2£fb»*#*#«fc, &2m<tQB 

mm7h*mwm<r>wmzmi x -? izi&)&ztitimmt, *-< ? ^mm^±mtmm 
. mfim^mmmmi^imiiLim^immiztX'mi/xm^titzmu^-r^^y k 

[0 0 0 6 ] 

ff^$n^>^2Mfb^^#2»#;g<7)il)s^2*mtt^oitiiJ: 0 (,/h§<ti;t(;j:ot, 

» 1 Mfb&^s#«a ? & 1 mnmxh <o , m 2 uttiiffti^i 2 «s-c***& 
?<44ot?, ^1 a-fb»***flt« £ » 2 sMbw^^ttv £ k «t * P n m 
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% 2mi\:m^^wmt \z x ^j^ns^^i^/j^ <-rz> z\ t^x^ & 0 ^<^>^m 
. mim^mfo ^ - *fm i F<vB&&& * nmti- *> - 1 &x # * 0 t tz , Kmn * 

■Clio -micfc 19, /<y K«*Oi*tltti«©((IJ: I) < Lfc*£-K:<>, 

* Soffit ^T-rsdiaR&Sfcttfcfc LT^, ^PfiSBKJ: ») #0«;£|p10H £&#rt*a& < * 
a^40*«ItUi"4 - tii*X'& 2><DX, m*- \ t i&$E.itZ-£&Z.tfl s "e&&o 

19 , ^t&m#&# 1^ - ¥ ^on^tt^fiT-r * o * wjaji- s - 1 ^-c & s 0 

[0 0 0 7] 
[0 0 0 8] 

Mf £««£«*4«i*fc£^girc^j££*ifcA<:y K**o3*«RK:fc^"T\ Km 

3MR*>*S«fc <9 fc/hS < LfctLTk, ^ Km««:^»i:*Stfl9^®«c-f * - 

7) ? -e# -So 

[ 0 0 0 9] 

> mm^mK±miii<Dm^Lx^^mmi9\-<Dmimzfm^nx^^o i©i?ci* 

LX^2>ffimzffi.ti&m : <M*nffl-?& - t tf ? -C£ Scot?, $5f3:<7>^4' LT^SfUt^fbO 
[0010] 

is i O'ffitt® £ J- y > 7kz X *) ^9 - - y if-f S BRtz „ fl&tt* o±Iti y 
i5 J: Xf^fc 2 a-ffc!»m^*ff« Sr S i fc jp-c § S o 
[0011] 

j^lt , w <7> mmrnm * mm k v » r ia ^ -r s 0 
[0012] 
1 mmmm) 

Tab D, H2 (i> 010100-10 0 fcfci&o tzmmmx&2> 0 H3 t±> H 1 is <£ CPU 

2 kjf Lfc» 1 mmmmjz x^mim^m^^-^mj-^^m^mm^mLtzmmm 

X$>&o if, 11 1 ~HI3 *#bblt, ^ 1 «it: J: tT-w 
[0013] 
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^ m<7))l^^^-t^ £ t tC N ^ 5 X 1 0 1 s c m" 3 <D*\') TilJS£W1- Z>mmtf K 
--/ZiXti nfG a 1 ±t-> & 1 0 0 n mOf^^lf^i ft 5 X 1 0 1 

8 cm" 3 CO K- fcf > fW^-f h S i^K-7'$iif:nIGaN^f.4^n MH 2 ffi 
ffijntV'^o nIGaNlilli, ■? ;i/7 teiSfflfii £ i: i> fc, (000 

1) MI^tLti/^o ttz, nIGa NIf 1 is X V s nMM 2 OpSj^gftOifi;^; (± 
, fftfii, n 1 G a Nif 1 Wftffi^ <i n Si 2 OlffiC J t t ^ t:, felO 

h a niGaNstii^ mm&mm <D~mx&z 0 

[0014] 

mi mMMfg-en, nii2 <DmtL<DM*p Lx^&mm 1 a m\-<o^M±.^, 

nMG a N*1g 1 Oifli 19 ^/h^v^ID 1 (ifo 7 . 5 ^ m) ^ff^>nS77'y 
HtcJI 4iiJ:(/pl7 7'y Kg 5 ^HI^ffM $ *LT v> & 0 
[0 0 15] 

ni7r; Kg 3 (±, &J4 0 0 n m«l|*^ft^ h <h S 5 X 1 0 1 8 cm" 3 

<7> K-e>^*Mi3 J: TO 5 X 1 0 1 8 cm -3 <D*\ '1 TitS^^i-^> S i t) ? K - 7° $ ft 
fcnIAlo. 0 5 G a 0 . 95 N*»$>fc* 0 nl^7 7 Kg 3 tt, :£3&f^<7> |"& 

[0 0 16] 

£ fc, #§7fcJf 4 »d\ EI 3 H/j^-t «t -9 fc, nI^t'J77n^l4at nlW K 
14 b ^II^Fii^ttiMQW (Multiple Quantum We 
1 1 ) ffittg 4eh, 7 > K- -?<n>itif4 Kg 4 f t > pI^f;7|4gtCJ:o rtS 
i?ixtv^„ nS*^ T-7'n 7 ^g 4 a «\ %j 5 n m(Of*^tt^ h <h & ^5 
X 1 0 1 8 c m~ 3 O K- fcf > .^fii5 <t TO 5 X 1 0 1 8 cm" 3 O^-r'J TitJK&^l" 
4S i^K-ysnfcnSAlo. iGao. 9N^&& 0 n W.itJf4 Kg 4 bli, #J 
1 0 0 n mO)?^£^"f £ t t> 15)5X10' s cm - 3 <7) K — tf i TO 5 

X10 18 cm" 3 <7)*^'J TmiSt&%-f2> S i K-7 5 $titnlG a Nfrb%2> 0 i 
fc, MQWiti4elJ, Hl2 0nmOl|*WST>K-7*Ino. osGao. 9 
5 N*»?>4* 4g<7)PfHg4 c &J3 nmO)|*^tt4 7/ K-7*I no. 1 5 G a 
0. s 5 N ^ ib 4 5 3 1 W#Pi 4 d i: MCfltl $ ft t v> 4 c fcjs, MQWjSttf4 
eli, *#§B^<D rffittlJ mxfr&o tfz. T > V--7°<D±Jf4 Kg 4 f (i, &Jl 0 

0 n m<7>!?^£W1-&7 > K-^G a Nri»<bfc-& 0 pl^t 7 714 g(i, $,2 0 nmO 
H<^£^-T£ tHC, &J4 X 1 0 1 9 cm" 3 (0 K- tf > ^'»i3 «fc TO 5 X 1 0 1 7 c 
m" 3 W + t^iM^tt^Mg^K-^^ii^piA I 0 . iGao. gNrt^fc* 

o 

[0 0 17] 

ifc. El 2 izm-f* 7 pl7 7 7 Kg 5 f±. ft 4 X 1 0 1 9 cm" 3 CO K— fcf > ^* 
m&J:TO5 X 1 0 1 7 cm -3 co^r-v 'J 7«j££*-f £ M g rt* K- -/Sftfc p 32 A 1 0 
. 0 5 G a 0 . 9sNA>W-So :«pI?77Fi51i, ¥ffl2T> 5ac, ¥SfT> 5 a O 
*ifc^'b±^rtc^ffi^-S J: -5 lzM$.Ztitz£hU5 b t Sr^"Cv^ 0 -fLT> pl777 
Kg 5 O^FJBgp 5 a?5 5 \ ±IEL7t nIG a N*^ 1 <7>4@ «t '9 < „ )5»o, f§7fcg 4 O 

ipgh [b] LtipiD 1 (It) 7. 5/<m) ^f^tnc, Si 0 0 nm©f ^^tLT^So 
ifc, pS^^y Ki5©flffi5bfi, IS*i4W(BJ:H/J^v>ffiW (ftl. 5 M m) 
^^"-r^t t ^tc, ^Fiflgp5 a<0±®^tb^3 0 0 n m<^tbS&££#LT^a 0 ii3» 

pi7 7 7 k«5(±, [m2m.it®&¥m#-m] <n-mxhz> 0 

[0 0 18] 

pl^77 Kg 5C0fi3fl5 b_hi;(±, 8l0n m<7)J9^$r^-r & kttt:, ft4Xl 0 

1 9 c m~ 3 (D K- fcf y^WiS X TO 5 X 1 0 1 7 cm -3 + 'J 7itft£^£M g 
#K-7*$ftfcplG aN^f>^S pl^/^ H6 7SW§fttv^ 0 f LT, pi 
^ 7 y Vm 5 cOdifB 5btpS^>^? tlzX-oX. iiS&^lt c^4^f7^f 
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v Ym 6±H(±> TJB^^±B^|fi]^or, IvJ 5 n mOf^^^fl, Ptlt, ft 1 0 0 
n mCDW&Z^-? & Pdii, 15)1 50 nraOf*^tt?>A uitCJ: oTff j££;H& 
pffl*- 5 y *M8 «M$Htv^ 0 &£> % pit-5-^li8l±, *3£W<D [Jr 

-< y ?nm <D-mx$>& 0 *tz, 7^ii8^)iw«^i^ x ? 

S2 5 0 n m»^tf^, S i Nl^ <b & £*&fiH§l 9 $ tlX 

[0019] 

mmmxu. m 1 & x am 2 iz^irx n mmm 9 co^fiiiiUi^ 

pffl^-- 5 y 7 Ufa 8 (D ±.m t&mir & £ 9 C nIGa N^tS 1 <7> ipg J: <9 ^^Jn$ v^IB 
1 (ft 1 5 0 /u m) £ & p fPJJ^° y KM 1 1 T^ffM §iitv^ 0 ,1 </) p tag/-? y kh® 
i i (±, Hi n^i-j: 9 ic, ^p®atiu^.-c, Gg^stKiiff^^tiT^&o -etT, pfflij/* 

•y KMl 1<7)-^<t>^^1 1 a(i, Mi4©-^Sa4 h ^fil" £ mi&ZMz. & 

piM7 kmi lcojt&^os^i i bii, %;itm4 <Dmu^U4 itmwir&m 

®«$nrv»4 0 pffiljy^-y Kill l^)-yj<DSI{l 1 a ti> 7 ^ ** > > y 

nT^^¥tiffi^*1--2> i 9 ClS^ilTi^^^ pffilj^;/ Kill 1 

1 1 bti> -Tj^SU 1 aCJt^T, >; y ^^OSgg|75vh$v^ 

o ifc, pM^y Km^ 1 1 (4, TS^'bJiJf ^fa^oT, %} \ 0 0 nmOf*^tf^ 
T i ft, m 1 0 0 nmOl^^tf^ Pdft, &3 ^ mOj»^£;fr-r & A uitCi 
otii$Jltv^ 0 p#JJ/^y Kill 1 «\ ^f&^O IV*? KS&J (D—MX& 

ho f U, pfij/^ v K1S1 1 co— ^OSftSB 1 1 a±CI±, pffl/^y Klgl 1©-^ 

[0 0 2 0] 

nIG a 1 O^MO^fiO^tf L-Cv»*«i* 1 a J£W<7>Mit±Kf4, nl 

G a N^U 1 C0S®^iSv^^(b|IlC f!)10n mO)?^ Sr^ff & A lit, ^2 0 nm 
cOJp^^^f-r-l) Ptit, *!j3 0 0 n mCO^^^^i-^ A uit C<toTit$a§ n ffllj 

[0 0 2 1 ] 

tz^mW\s-*f<OM&*7FLtzffi®mx$>Z>o >k\z. Ml, 0 2*J:O f 04t#ILT, 
* 1 #S*fcJf2S* CIS saffc**#*#: U - £ ffl v> fc^MH* ^ - -»f <£>«it i:ov>tfM 

t4. 

[0 0 2 2] 

* 1 JSC i 4Sft*^**ftl^-f 1 0*fflv>7t:#*ft:i^-Hf(i, H4K^ 

ti9C> M-fL^^^Wl^-^T- 1 0#tf?n^^fA2 It, $t*»jh-r4fc* 
O^^r y 7°2 2 t ^fiT^So ^xA 2 1 K(4, 3 ^co 'J - K2 1 a~2 1 c tfnSitfb 
ixx^httiiiz, 3 'J - K 2 1 a - 2 1 c (D n , 'J — K 2 1 a £ «t V s 2 1 b (4, 
Xy-A 2 1 0±ffi^f>§^ai LtV>So ifc, XfA2 10±I±C(i, /D^2 3rg 
*fbix-cv^ tfctt:, 7"n ; 7 2 3 <offlffi±H(-4, trv>> > h 2 4 tfWWhixX^Z> 

0 fit, ;©*77-»h2 4±c, mimmmizx&mim&^mtei'-ifm^-i 

1 1 OSfP 11a (HI 1 33 <fc t/IH 2 #BS) K +'> r-V > ^' $ tt/c 7^tl2li, - K 2 
1 atl^fl«n:^§ii-C^So Sfc, XrA2 1 <D±M±.<Dm.it*fa7h¥-^1fcl'-+fmi' 
1 0O-^#^®t^[p]1-^illt(-f4, ^it%^-2 5^1f$tiTi/^ 0 -^S3tiT-2 5 
nt±, 7-f 2 6 <D—j3Mfi s #>7'4 >rztix^2> 1 1 i> {c, ^<r>r>4 2 6 oMJg 
(4, 'J - K2 1 b iztfyfi yy^fiX^&o -e-LT, +-^y/2 2f4, Mft^^*^^ 
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o 

[0 0 2 3] 

(ft 7. 5,«m) * nSG a Nifi 1 J: H/hS < t-5 fc 1 1 Mi 4 ±f:^)S 

p n */h $<tSCfc 7i ? T' # * o £ „ Ifeliil 9 <DmfcWM± Kl&fSL ZtlZp ffiO 

/^KSSl lOfiBl Gftl 5 0/u m) nIG a N^^g 1 CDipgJ; <9 *>/h£ < - 
t J: o p ffl'< -7 K«* 1 1 £ > jKHJR 9fc, nii2 

[0 0 2 4 ] 

ifc, *l£gjfc»Srett, pfflz-Cy Kl«l 10*181 1 a£, f&#« 4 O-^O^gR 
4 hj)*fiit4S««:«x.4i«i:i"eS0 f 5J:^:, nI12^)±I±(:fiit4^I 
i9±CMt4CU:J:ot, p«^? Kttl lOfiBl (ft 1 5 0 ju m) £nMG 
aN*«l©IBJ: 0 *>/h£ < LfciLTfc, flft* 4 <*>3S8&4 hmtiSi** 

pffl/< y Km® 1 1 0—;fre>3SgK HaC^T, 'J-K2 la fcl^fifjCi^lt 
4Ii £ & o -M:J:l), p 1IM ? K*6 1 1 W« B 1 (ftl 50^m) ^nlGa 

1 <7) ffi «t "9 4) /J *3 < Lfc»^»- 4 , p *H/< v KM 1 1 b 0 - K 2 1 a t 
mmiZb&Z btf%^ 0 tit. M4±CM$Jx^pl77 7 K|5C¥fia5a^ 
tZtf&ZbizX-oX, pi^7'; KB 5 KS&ftB 4 J: 19 4> /h $ v^IW (ft 1 . 5 ^ m 
) **-r&£i£B5 bfcSfctffci: LTfc, ¥M 5 a K J: »9 jtO*^|6jOM < 4 

19 ii^-SO^rifpSiJi-^ d b #-ei 4we, «*-K^£fb$-it-5C:t)l*-ei4o -tin 

<t 19 , u - -9-'*^- 1 0 <D§£jvwmmT-r z ozwm-tzzt § & „ 

[ 0 0 2 5] 

I^r; KB 3 . f&7fcB 4 £ J: 0* p W. ? ? v KB 5 C hCiot, nl^r; 

KB 3 , MB 4 jo i O 5 " p m ? y v Ki5H tilEftO** Ltv^ l a 7i ? M 

t^OT\ te^O^tf LT^&HilSc 1 a 7)^0^-£>^^ll7t^f&?)t-r* - <t«§ ^>o 
[0 0 2 6] 

HI 5 -Ell 7tt, llli3«ty f ll2tC^L/c«l*MMtCj:^M^*#2»#:l---9-'* 
^ooMit^n-tx SrKW^S^^OBfMH-C^-So Hi — HI 3 is i t/Hi 5 — H 1 7 

[ 0 0 2 7 ] 

i-f> 115 ~E18 «r#JHLT, nIGaNl«l (II 1 #BB) ©M^n-b^co^t 
Ife0^1-*o El 5 iZf^irX 0 IZ, MOC V D (Metal Organic Chemica 
1 Vapor Deposition: £-«&JPE$tff$t3D i££/Bv^T\ ^Kfijg£ft6 
0 0tCf#L^ttit% t77^7lf 3 1 H)20 nm^mSA 1 G a 

N13 2 Zf&mZit&o fOt, 1 1 0 OtCfit, A 1 G a NB 3 2± 

ft 1 fx mCOm&Zftir&G aN133 £/&:ft$«o c\<nm. GaNl3 3 <D<£mi$L 

iz, mufOHzmmztitzifctiLW, i^xio 8 c m- 2 w± (£ t ssxio 9 c 

m" 2 ) O^JKT-ffM^tL^, 0 
[0 0 2 8] 

•^H, H6(-7FfJ:9t-> 7*7X7CVDttS:JBi/>T, GaNi3 3±C, &} 1 0 ^ m 
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(DmrnZMTX. 8 3 9 0 fx m cols £ 8 2 0 0 n m<Dm^t^^iri> S i N i fcti S i O 
2 frf)i5:a^^)B3 4*, 84 0 0 // m<7>ja#jT-* h ? J 7lk (m^k) t-Mi"^o 
[0 0 2 9 ] 

^It'C. d 7 tC^1" i 9t:> HVPE (Ha I ide Vapor Phase Epi 
t a x y : KfvMK) ft£/8v^T. *«iaj££ft l l 0 Ot^mtL^tit, 

7^^|3 4 fcii^J&ftv*^ t LT> G a 3 3±t:« 8 1 5 0// m<7)J?^£;fi-f£ 
£ t i 8 5 X 1 0 1 s cm" 3 co*^ 0 7iftj££*i"f £&&7&* K- 7°£ ftfc n M G a 
NJ1 1 b £$t?j[6]J&JI£-tt&o -coP£, nIG aNil b (i , vx^f3 4#ffM?itT 
^fcv»G a NJf 3 3±»-»4RWfc«#|nlK:j£KLrt:&, ^^^[p]H^fti-^, 0 -co£ 
ft. GaN13 3±<D-?X?m 3 4 tW&S ftTv>& v^J*(ifcfi"t & nIGaNil b 
fcfi, 8 5 X 1 0 s cm -2 U± (fc t x.tf, 8 5 X 1 0 9 cm -2 ) OMT'^^lSltC 
fSJf $n^$5f3:<75** LTV»4i« 1 a ^10// mCOipS-C* by 4 7*^ (£HJItK) K 
M^n^o ^^134 ±JCfiS1--2) nIGaNil b fcti, nIGaNI 

1 b75 ? a^f6]^J3S:S-r^- K «t OlEffi^^riRl^fttf btiZ><DX', »E2f|nJKf£»S*Lrt: 
$5fi^f^$ntc < < , $5ji^S(±, 85X1 0 7 cm -2 (fc £: xJi\ 8 1 X 1 0 

6 cm -2 ) -e*& 0 -co?^ nIGaNil b 0-7X^i3 4 «fc *) kTTjcoiSlt {^"7 
r 4 7^«3 1 %Vki:1rZ>Zt CioT, 13 8 K^£;M& J: 9 4% S5X10 1 8 

cm - 3 <7)^t'J7lg^tt^ii^K-7'$ft;:nIGaN (0 0 0 1 ) Gaffilt 
l MSiiio 
[0 0 3 0] 

^C, lEOi^atML/cnSGaN (0 0 0 1 ) Gaffilll (ttT, nIG 
aNiSUw?) EI 9 H^-f X 9 MOCVDii^ffl^T, nI12, nl^ 

9 :v KJf 3 % §kitm 4, pl^ 9 y K/f 5 £ «fc cK p S n * 6 *:JB#:fifcg$-it--&o 
[0 0 3 1 ] 

*#6*fKf±. itS^^in 1 0 0t?)Sft£Si:§iL/:tIt\ H 2 ^J:^'N 2 ri» 
"biS^+'JT^t, NHs iSi^TMG a ( h U > f-^^T'J ■> A) j&»<b 
fc, S i H 4 frb%%> Y-^y t SrJB^T, nIGaNifiliC, 8l0 0nm 

(DW^i^-fh t t i> 8 5 X 1 0 1 8 c m~ 3 <0 b*-*L>7w:Z^i-Z> S i t5 ? K-7 
§iitnIGaNi»<b44nIi2OT§t4o uOft, gft^KTMA I ( h 'J > 
f JVTil' 5 A) f>tCj[jnx.-C> nI12±C, 84 0 0 nmOH^^tt^t H 
i:, 8 5 x l 0 1 8 c m" 3 co K- t° > ^iis «t LK8 5 x 1 0 1 8 cm" 3 ^)^t'J7l 
E^ft^S i75 5 F-7'$afcnaA 1 0 . osGao. 9 5 N h & Z> n M 7 v v Kg 
3£j&fi£«o nI^7 7KS3±i:, El 3 K^Lfc £ 9 &#ii£*-t-&S&5fcS 

4 £j£:ft$-££o 
[0 0 3 2] 

nl^7 7Fi3«Mi:|K, nl7 7 7 K13±C, $^5 nm^lf 
t t i> K, 8 5 X 1 0 1 8 cm - 3 <7) K— fcf >?'m& X LK8 5 X 1 0 1 8 cm 
" 3 ott'J T S i t5 ? K-y?nfc niA 1 0 . iGao. s N*»«b44n 
l*VJ77'D7^|4a (I213#JB) £j£JI£«o 
[0 0 3 3] 

%.tz, mfo&mzfos 0 oro^gsjstw^L7t^-c, h 2 axtyni frh&h* 

WTif^t, NHsBi^TMGa^^i-SSf^'Xt, S i H 4 frhtz%> Y-j^s Y 
if^t^m^X, nS** 0 7 7n 7 ^|4 a_ht', 8 1 0 0 n m<7)J?<^ £^r1" h t t i> 
fc, 85 X 1 0 1 8 c m~ 3 co K-k?> c>*8 5 X 1 0 1 8 cm" 3 W + t'J 7i# 

JS£*Tf £ S i 7^ K-7$fi/:nIG a N/^<b&£ nS*^ K* 4 b ^0cft$-ti:^o 
[0 0 3 4 ] 

Si^CTM I n (f , J>fi^>y^A) £ $ hizM^i> t t i>iz, Y — 
h tfA&m^te^X, nlW K14 b±C, 82 0 nmC0/9^^^-r^T> K- 
7*1 no. osGao. 9 s NA»ibi4 4i«|*ii4 c i:, ft3 nmWf t-6 7 

>K-7I no. isGao. s 5 Nfrb%& 3 i?)#Pi 4 d t £3c5:nj&:K ^ 
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fc KJ: <9MQWffitff 4 e HMt4 0 
[0 0 3 5] 

fit, M*"^^NH3 fciLKTMG a tC^x.T, MQWiStti 4 e (ii§4 c) 
_tK> ftl 0 0 nmWf*^ft^7> K-7°G aNi^i§7> K~7'<7>jt*M K/§ 4 
f £#cfi£«o -<7>fs> W^CTMA 1 £ $ hizMx-h t ti>tz^ C p 2 M gj&»<b 
4iK-^Vf^^T, T > ■ V--?<r>itif4 Vm 4 f±K* H)2 0nmW^ 
t i> fc, |(J4X10' 9 cm" 3 co K — kf >?"gi3 <t t>*ft 5X1 0 1 7 c m" 3 <7> 
*f)TmmZ%i-Z>MgtfV--7-£i\tzpmA\Q. iGao. eNH^pI^I' 
y 7°/f 4 g ^jftft $**o £*Ui«fc <0 . nI^rt , J77'n^|4 a, n Mt1g# KJi 4 
b , MQWffitti 4 e > 7 > V—~7<F>Jt3f'< 4 f Jsi^'pl^f t7 7l4 g^b=il) 
f&3fe^4^fM$^^, 0 
[0 0 3 6] 

©9 tc^-T J: 9 1 1 0 0 *Ctf>j£fifig£Kfi8¥ Lfc#tSSIT\ H2 

£J:tf'N 2 J^Sr^*^ 'J TifXt, NHs > TMG aissi^TMA 1 ^<bt*4ISft^ 
t , C p 2 M g K-^°> h t £ffiv>T, f&jtS 4 ft 4 0 0 n mO|* 

iiHC, ft 4 X 1 0 1 9 c m" 3 <D K- tf > y'fijo «t i^'ft 5X1 0 1 7 cm" 
3 0+t l J7iM^tt-&Mg^K-7 t $il/:piA 1 0 . osGao. ssNrt^fc* 
pI^yKi5«:M$«o Hfl-^^NHs fci^'TMG a it, p 

9 7 K15±C, ft 1 0 n m«l|*^tt§}: ktC, ft 4 x 1 0 1 9 c m~ 3 OK 
- tf > y-*£ J: tf ft 5 X 1 0 1 7 cm - 3 O •=¥• -v 'J 7 iilJSE £ -S> M g 75 ? K — 7° $ ft p 

[0 0 3 7] 

±*EOJ:-9K, nSGaNiSUC, nII2, nS^5? KI3, Hjfci4, pi 
?7^Ki5i3J:t> ( pl3^^^H6 nIGa Nifi 1 0$5(£^fS 

AH"* C t J: t) , nIGa N3MK 1 (Dmmfrh pfn>^^ M6 <7)±Mtc J 'Ci^S 
IsftO* * L T ^ * «J* 1 a *«JBJ£ $ ft* o 
[0 0 3 8] 

-o^, s*^#h»*-c, fts 0 ox:<D&m^kWTX'T^=—^mm-rz»o 

[0 0 3 9] 

% TSA^±«{:|fiI^-3t, ft 5 n mOH^^ft^ P t € t , ft 1 0 0 n mOf*^f 
tSPdit, ft 1 50n mOl?*S:tt4Au|ti:J:otM§ji4p||*-5 y t 
lg8eMLf:t> pffiiJ*- 5 y ^mS8±tc, ft2 5 0 nm^m^N i H 3 

5 J-Mt^o - op^, p m*- < y ? Mm 8 a «t ckn i ji 3 5 t&*\ ft 1 . 5 ^ moipiw 

[0 0 4 0] 

d l l Izmir £ 9 Ch i& K7^ x^f ^^^fflv^t, N i 13 

5^v^^tLT, pin > ? ? He^i^pS^^y KS 5 <7>_tM^ «b ft 3 0 0 n m 

i)iz, p 1 7 7 Ki 5 i:¥iaH5 5 a i flSP 5 b t ^It $ m> 0 ifc. ftl. 5/zmcO 
ipSW^^i-^, t tiiiz^ P l7 7 7 KJf 5 0£b^5 btpIny^7H6tt:J: oTi 
I&Ztl&X OBBSflt) O'J '7yg7^ffM$^^o Ni|3 5^ii 

[0 0 4 1 ] 

■iMl, HI 2 H/Fi" «t -9 *C, pl7 7 y KS 5<7>¥S£&5 a ±co$£f5<7)^4 J LTv^^ 

*uMoa«i:, pm*- < y trnmstexv* 1 ) y vui £S? «t ? i-, ft i . 5^ 

mOipID 1 h 3 6 Sr^j^-T-So 

[0 0 4 2] 

5 a<7)±I^t>Mi4iJ:0 f 'ni7 7 7 K13 fT^x ^/^'t^o C^iCJ:^ n 
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7 -j vm 3 . §k±m 4 & «t <^p ? y kis lt^sirj* i a 

ZtiZttiilz^ nli- 5 y K* 3 , ZkitM 4 £ «fc IK p M ^ 7 y KJf 5 fffl«5a) « 
Wd*. nSG a NjMRl OBJ: 15 4/hSv»(ID 1 (ft 7 . 5 M m) i$r* 0 4 

pl?7 y Kl5«fli5 a fcfljta 4 ttfMtfcD 1 (ft 7 . 5 m) CiSJ: 
9Kx 7 f>/f4itt:J:ot, pl?7 7 KJ1 5 OTOfP 5 a ^SfcHjfcJl 4 <*>*g <fc 

1>K, nIG a N^IS 1 <7)%%£ <9 (>/hSv»(lD 1 (ft 7 . 5 M m) £^1" 4 J3 «t 
[/pl^7 7 K« 5 £ffM-t & - t ^"C I4 0 : OfL l/y^h3 6l l£*-f & 0 
[ 0 0 4 3 ] 

g| 1 4 U^i-J: 9 7*7X-7CV D££JBv>-c, 9 i^C, S2 5 0 

nra«f*^ttSS i NI (H^-tir-f) ZfoflLLtz'ik, ^OS i N)H±ORlf7E^Jt^ ]✓ 
h 3 7l:ftt^o -f"LT, U h 3 7 £-7* ? LT, pit - 5 7 7H8 O 
±M±tCfigi-^ S i Ni^*f5C £ i oT. ft2 5 0 n mOl? ^ £^1" & S i N 

[0 0 4 4 ] 

HI 1 5 13^1" «t 9 nil 2 <7)±®±Hfimi"^^*ffll9 ±tC, ft 1 5 0 // m 
cOP^PiB 1 *mxxv*j* Y 3 8 SrBfiSt-r-So CORK HjfcW 4 O— ^03SSB 4 hlBmte 
ltSU^F3 8S:, flTtS 4 ©-^3^4 h T^BI" * <b Br5E#«ft 

IZTtm-f&o fkitm 4 OltH/30^^4 i jflHcjiMi-^, k/^ h 3 8 |§7tS 4 

^M£«7 «fc -5 Tl^^iitifii^oT, ft 1 0 0 n mco)?<^£;pri-£ T ii^, ft 

1 0 0 n m(?)f*^ttS Pdih, ft 3 M m<DW& * A uft ^ffMt^>- t 

iot, p«^7 Kti 1 1 *m$L-$-z>±mm* : ftm-$z>o h 3 s £i$*-r 

K**l 1 (D—Js<D%hU 1 1 a*. 3&3fcJB 4 O-^O^ 4 h 
St^i-CS^i^:, nil 2 0±M±tCf2g-r ^^f)^9 ±Cftt^o ifc, 
p{|J/^7 Kill 1 O^OSBSU 1 bi, !§7cl4 0l|ti7aOS^4 i mtLm-r^mm^ 

Mz.&mmz t x-rnvz x ni^7 >Ki3 <omm±iz&m.-r zmmm 9 ±izt&i& 

-T^o Sfc, pfl/^KISllOfili, nSG a NatfRl D M*Sv»«B 1 (ft 

1 5 0 , w m) t4^o 
[0 0 4 5] 

*Kl, H 1 6 tC^-r J: 9 JtSIS*ft<:fflv»-C. nIG a NISI ?)Iffi±[:, nl 
G a NMl <O3EMHiSv^^«b0{C, ft 1 0 n m^W&Z^i'f Z> A lit, ft 2 0 n m 
(DW-fri^-f Z> P t mt, ft 3 0 0 nm^ftt^A u Jf t IZX o XMJ& $ ;ft-£ nffl 
1 3 £J£j£-r£o 
[0 0 4 6] 

m l £> J; ^'11 2 K^Lfc X 7 pi^vKlSl 1 7t"<7)S^ 1 1 a±t: 

> pfli/fy Km® i i to— 77<7)^^ i i a t^sut ^m^;fi-j^^^-r^^^<7)7-r- , r 1 2 

[0 0 4 7] 

(* 2 rnmwm) 

mi 7 1±, ^m<Dm2mmmmizx^mitm^mi^u-^m=F<om^mLfz^m 
mx$> 0, si 8ii, hi 70200-20 offtKf&ofcisfii0 - c*4o m 1 7^ j: xfm 
lszm&Lx, z.<D%2%mmx\t^ ±umimmmtm*y). niGaNiw 

mtmcm>£%i-Z> nM??y K«±U, nIG a ») *>/h$ v*ipS*^rl-*ll5t« 

[0 0 4 8] 

1-=5rfe*>, 2 iilii: J: ^Ifttf^ifU-f 4 Otii, Ell 8C^t 

J: 7 _h|S^ 1 ^Mf^.tl^W, niGaNMlii:, nll2«$titv^ 0 
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nM? ? y Kg 3 tmffi(Dm&£> 4 Tfm.$L*^i-?Z> nl^7'; Kg 4 3 «^Ti>^ 

0 nIGaNSlK nl|2^J:y : 'ni^77 F14 3©jii«OjS§(:i±, 
ti^'ft, nIGaNHlO|W^nl7 7 7 Kg 4 3 <D_h® \,Z t xm Xfh SfAtLOM* 
Ltv^Iitl a#'M?ntv^ 0 nl^7 7 KS 4 3 14, ^HB^<7) 1 M1t 

®7k*m>fcm\ <D~mx$>& 0 

[0 0 4 9 ] 

cic-c, %2mmmxit, ni^7 Kg 4 3 mrML^m^ lx^&wm 1 a who 

f§t£±t-, nIG a N^tg 1 Oipii &/h£v>iHD 2 (ft 4 . 5 ^ m) £^1-.5>3§7\;g 4 
4 is J: V p Si! * 7 y Kg 4 5 WmX&WL $ii"Cv>-?> 0 d <7)§§ftg 4 4 It [21 3 L Sfc 
lMMfcm<D5£jtm 4 tm<DMj&*^LX^^o ttz. pM?? y Kg4 5(4, _hfEf> 

1 mm^m<^pm^ 9 y Kg 5 tm*oj?*&j;^M£*-i-&^ t ±ie^ 1 ^ 

iiO P S7 7 y Kg 5 t IWItftO^fflSB 4 5 a 43 4 0^^4 5 b Sr^-Cv»4 0 f Lt> 
pl^7 7 Kg 4 5 O^FtH^ 4 5a t!> ? , ±f£ L/:nIGa N^IK 1 <T>m 4 <9 & $ v**§ D 

2 (ft 4. S-ttSihU^ K14 5«Ofl^4 5b(±, M14 4 
Oil J: <0 ^>/h$v^gW (ft 1 . 5^m) ^tLtv^ 0 fcjs, pl^7 7 Kg 4 5 (4, 

[0 0 5 0 1 

pl?7 7 Kg 4 5<7)fl^4 5 b_t(C(4 N ±mm l«i«pl3/^ M6 t[5j 

*§<t>ji^45 j: zfm.mzm-f& pm?>? ? M4 6 ^m^iix^^ tti>M, P i77 

7 Kg 4 5 OfiS 4 5btpl^>^^ hm 4 6 tlzX-oXV y i/U 4 7 ri** j£ 

-So 'J y vfl54 7 *mWLir& v>M^>?? M4 6_tK(4, plt-5^fi8 

mm zirx^^o fit, p ffl* - ^ y * m® s <D±mm\-<Dmm n 4 n ±§e 

[0 0 5 1 ] 

^-c, m2m&ifmxiz, mi 7&£z/mi 8K*ti?u, *£M4 9^5Ei« 

Jtfc, p-flJ*- 5 : y ^mS8cD±Mt«)|*-r^4 ? nSG a NS«1 Ogi H/h$ 
v^ipiB 2 (ft2 5 0 /im) £^1" * p y K1S5 1 7!> ? 7M £ 4i T v 0 :ropiH;<7 
KM 5 1(4, HI 7HftJ:^:, ¥®fit)^^T, HMtlcM^^tv^c fLT 
, pfflz-fy Km® 5 I <D~/j(D^ffl5 1 a43 4^'4t!i^(7)S^5 1 b (4, Ztllftl, ^g 
4 4<0-;£O3gS&4 4 h 43 4 CMfe^OSMM 4 i *»fiIt*S«S:i8A i "CStf 

Si?!:, nl^7 7 K14 3<7)±I±i:ftt-?)fIl4 9±i:M$ati/^o £ rt: 
, p ffi^ y KM® 5 1 O-^O^gP 5 1 a 45 4 tfUfe^OSSSB 5 1 b 14, Hi ^iliO p 
ffl^y Km®l 1 fcHiO, U yv^fflU TOff^tcitLTTxMtCSdi^ftTv^o * 

i2 mmmmo P mo^ y Km® 5 1 <t»?^43 4 tm/&<4, ±.mm 1 mm.Mm<D p hiw 

y Km®l 1 fcHtfc"T?*& 0 &43, pffld^y Km® 5 1(4, ^^m<0 IV"? y Km®J <V — 
fflX*$>& 0 fLT, pffl^y Km® 5 1©- 7j O^gB 5 1 a_tt-(4, pffi/N°-y Km® 5 1 
^rco^SB 5 1 a i^SBfc ^l^CMt4t*07^ -V 1 2^>tV/7"$tit 

[0 0 5 2 ] 

LT, nIG a N^^g 1 O^SOlrfiO^tt 3 LTv^fllt 1 a_LHl4, ft 2 5 0 n m 
<7>WZ>tm 4 0 /i m^fitittS S i 0 2 K4»<b&&ifftlfffi;5 4 «?ittv^„ i 
£, niGaNltl^I±C(i, Htl5 4 ^1? i 9 C, JtE* 1 ^HtfBS&O nffll 
m® 1 3 t 4 CfiftlSSr^r-r* nfflm®5 3^M?ittv>-i, 0 

[0 0 5 3 ] 

»2^*M2SS-C(i, ±ieo4 9t;, nSS^^y Kg 4 3 ±CffM $ tL^H?tg 4 4 <7)ipa 
D2 (ft 4. 5/«m) S:nIGaNMl04l4H/J^<t4ti:4f:, M14 4± 
IzW-f&ZtlZ pl^7 y Kg 4 5 OipI^I&Ttg 4 4 WffitHtUt*; tCiot, nl 
? 7 y Kg 4 3 <7)ilii7) ? ni«G a N^IS 1 Olli: 1^ D-e*4^t:iiv>T , M^tg 4 4 ^ 
4hL-0&jK3*l* ni^7 7 K14 3i pl^r; Kg 4 5 t <7> p n^^^lt^/J^ < ^ 
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& <D T% p n £ /h $ < 1" £ £ t £ h o £ fc , *6ftK 4 9 <T> m<&ffi$L±. kZ M 

^n-Spffl^*'; K1S5 1<7)*§B2 (|-J2 5 0 ( «m) nIGaN 3&%i 1 coipl J; 19 & /Jn 
MtS^CioT, p ffly? 7 KSS 5 1 t , «M 49t, nl^77 K14 3 J:C 

mmr-'lt, nIGaNi«10ifcl^i:li*tt4na^7y Ki4 3±i:, nl^7 7 
K«4 *) <>/h$v»(B (nIG a N&Kl Ofsi <9 *>/.h£v**SD 2 (&J 4 . 5 ^ m 

) ) S:^r-r*i&jts 4 4 ^ist^ itci^t, ^&7t^ 4 4 Hi-LtM^n 

Snl;r; KS4 3tpI^9 ? KS4 5t«p n < 1" & - t t^T* £ & 

o 

[ 0 0 5 4 ] 

ifc, ^2^i«l±, nIGaNSilOSI©g|iiOi4"LTv^i)tl a±C 
^*iM5 4 &f*j£-f 4 t t i> U, fO|felil5 4 £Hd «t 9 CnfflSt5 3 

J: oT. nIGa 1 0«MO$£f£0** L Tv> £ fll£ 1 a fc n«fiI5 3 fc 7> s 

o 

[ 0 0 5 5 ] 
[0 0 5 6 ] 

15-11 1 £?FLfc* 1 ^tf^.t m*OM:/n-t*£ffi^T, [1 1 8 fciFLfc'J ? 
[ 0 0 5 7 ] 

) ^MtSo fir, mi 3 KiFLTtSS 1 %mmk<omik'7u-£7s tmffin^u 

ffl^-cxyf^mis. ;«i2iiiitii, py^^777at, P i7 7-7 

Kg 4 5 £>¥MU 5 a <D±M^ <b #§7fcS 4 4 i X*Z*-y -f- >?'irZ> 0 ZtliZX <0 , IS 2 
H*fe^T-t±, #§7£H 4 4i;J;y ; 'pi7 7'7 K14 5 o^fio^tf LT v^^Jt 1 a 7) s Bfc 
i: t 3&7tJf 4 4BiO i 'pl777 K14 5 (¥SSP4 5 a ) <om&. *tl 

-Ttl. nIG a N^g 1 0*@«t 19 ^l§D 2 (jft 4 . 5 ^ m) ti'So >-OiL Hi 

[0 0 5 8] 

m2MMMBxit, m 1 s ktfl^j: 9 pM^y KM 5 1 £tB 

jSI-^o pffl'ty KSS5 IO — 770^^5 1 a WfttJjViMM 5 1 b i±> -g-ft-TtU 
f&7t^4 4 0-77^Stl54 4 hi5i^'HM7j<7)S^4 4 i 7&*©S-r-6«JSS:®x.*^l*Hi 

pfl^vKIS5 1©(BH, n IG a N^K 1 <0*S<t *) &/J>£ v^ipgB 2 (ft2 5 0jum) 
tt£& X 1 \z^? -~y>f-$h 0 
[0 0 5 9] 

>kiz y t"7Xvcvds, sog utr>*>^^^) a , ifci±, i^-tr 

-A^v££ffl^T, nlGaNitlWSll^Ii:, S i 0 2 Jig (EI^-£T) £B 
JSLfcffe, niG a 1 <7)Mm<D$z&<DM$ 1 LT^ZWM 1 a JSL^O^iSiHttB-f 

^ s i o 2 i^^t^ctcioT, in 1 s (ctfl/c s i 02 mfrb%&mmm5 a * 

MfSL-r&o i^I, K^^S^rffl^T, nIGaNMlOlIii:, I6il5 4^1 
9 «t 9 nffiUM 5 3 ^ffM1-^o 
[0 0 6 0] 

mmz, m2MM : &mx{±. pm^y kiss io-tYo^^s i a ±n, pfli^y k 

5 1 <D-Jj<7)W6U5 1 a t^SBt «r*jRfl9H««i- Ztztb<D<7 << \ 1 2 Mfy^ > 
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[0 0 6 1 ] 

m 3 mmmm) 

y) , HI 2 0 (4, EI19<7)300-30 OiglKf&o/tSr® El 02 Ki, HI 1 

9 & 4 2 o tc^ l fc* 3 ggtt^suc uitt^ift^ff^Miosa^ 

^LfcBfli0T?*4o HI 9~@2 1*#1LT, 3 Hi&^-ett, ±IEf£l43 4 

^2^111^4-^ nSGaNi«±i:l^f)S$<i5nIi, nffl?5?Ki, 

[0 0 6 2 ] 

i^C, naGaNSSl«feMtt'Ltv>4ij«la»I«±i:, nIGaNi 
« 1 0*S«t «5 <»/hSv»(BD 3 (IU0. 5 ^ m) n MH 6 2 , nI^7'>K§6 

3, ffcjfcJf 6 4 £> itfpl^ 7 y KB 6 5Ji*)B*®)£§iitv^o ifc, nSGaNSS 

? t: LTffiv^ft 1 0 0 n m<7))?^ £Wll £ S i NJjl7 4 M$^tv^ 0 
[0 0 6 3 ] 

ni!6 2 (4, _hf£^ 1 iifiOnli 2 t |W|#, ft 1 0 0 nmOf*^t^ 
iC, S5X10 1 s cm" 3 ^)K- tf ^ymZ^-fZ S i ri* K-7"$iif:nlG a Nt> 
«bi*o nl^r; Kg 6 3 it, l!)4 0 0 n m<DW-& £^1rZ> tti>iz^ H/5X1 

0 18 c m" 3 O K- t: > ^»434 V*%j 5 x 1 0 1 8 cm" 3 <D*-r 'J TmBttft-fZ S 

1 tJ s K— -f^titz nIA 1 o . 2 Gao. s N*>tft4 0 nl?7?KI63li, 

[0 0 6 4] 

i t, Mi 6 4 l±, H 2 1 «t ^ nltVJT/o^^ie 4 a nS* 

if 4 K16 4bt, MQWiSttS 64et, p mitif 4 KB 6 4ft, p * y 6 

4 g (:ioT||?fttv^o nI+t l J77*D'^16 4a 14, ft 5 n mOf^^t 
fStitU, ft 5 X 1 0 1 s c m _ 3 O K~ tf > ?*m43 «fc t/ft 5 X 1 0 1 8 c m~ 3 <D 
* + 'J Tifkm*^'tZ> S i 75 s K-rSftfc nIA 1 o . 2sGao. ? s n 
MitiT4 YM 6 4 b (-4, ftlOOn m©|*^lt4 t t i> IZ , ft 5 X 1 0 1 s c m " 3 
<7) K- kf >^fiio tuft) 5 X 1 0 1 s cm - 3 O^r-V'J TmmZm-fZ S i 7) s K-7°£ti 
fcnIAlo. i s G a o . s s Nfrhb&o 2 fc, MQWfSttS 6 4 e 14, ft 2 0 nm 
CDle^^^i-^T > K-^A 1 o . 2Gao. s N^f>^44iOiIi6 4 c t, H)3 
nm<Of*l|'t57 / K--/A lo. os I no . oaGao. 9 N*»t44 3B<7># 
p/f 6 4 d t^SHM^^tT^-So MQWSttl6 4 e 14, ^l&H^co R£1±B 
J O— m-Zlb&o ttz, pl7t*M K16 4 fl±, |jl OOnmWf^^tt^fctU: 
, ft 4 X 1 0 1 9 c m" 3 <7> K- fcf > ^*fii3 4 C^ft 5X10 1 7 c m~ 3 <7)* ^ V TjftJS 
^^f^Mg^K-7^ftfcplA 1 o . isGao. s 5 NH^^o pPt'^i 
6 4 g<4, ft 2 0 nm<D)|*^tSh HC, ft 4 X 1 0 1 9 c m" 3 <D K-fcT^i 
&4 i^'ft 5 x 1 0 1 7 c m" 3 \ '1 TjftJSSr*-r*Mg7j* K -7"$ftfcpIA 1 o . 

2 s G a o . 7 s N frh ta & 0 

[0 0 6 5] 

1 £, El 2 0 H7K1"4 -) tC, pl7 7 7 KB 6 5 (4, ft 4 X 1 0 1 9 c m" 3 <0 K- fcf 
/^iiSi^SXlO 1 7 cm - 3 co^-f'JT j§J$: tl>Mg^K-7°$ix/;pIA 
lo. 2Gao. sN^fb^^o :<7)pi77'7 K165I±, ¥fii6 5 3*1^6 

5 b £"£A,-Cv>& 0 -5- tT, pl777H65 O^pjggR 6 5 a ±IEL£ nIGaN 
&BE 1 19 &/h$MBD 3 (ft 10. 5 m) fr^tZo ttz, pI^77KI65 
<7>£h^B 6 5 b (4, #7fcB 6 4 O^J: 19 <>/h$v»(iW (ft 1 . 5 M m) %^-fZ> t bi^iz^ 
ft3 0 0 nm<7)¥ffiS6 5 a <7>±S^ O^tlS^ £ £^1" £ 0 pf^7 7 KB 6 5 

(4, *%w<7> [m2mit®>&*m>frmi <d-mx~&z 0 

tbSEJlf 2003-3099393 



^-v: 12/ 



[0 0 6 6] 

pI?7';F16 5 <7>ftS&6 5 b±l-f±, pSn>^^H6 6 #12j&£;ftTV*& t <h 
fcC, pS^7-yK|6 5 <7)digri hplay^ hm 6 6 CJ: o T 'J ? vg|5 6 7 rt ? f?i$; 
$nt^4 0 :<OpIn>?^ hi66(±, ±ffi* 1 *lf»piny^^ 6 t l»l 
«L 1 0 n m<7)ff^^*1-^ t k & fc, &4 X 1 0 1 9 cm - 3 CO K — k? > ^atio J: CP 
1^5 X 1 0 1 7 cm -3 CD*^ 'J 7jftJK£*i-r*M g t5 s V-7°Ztitz piG aN*^^5 
o ifc, 'J7ygi6 7S:*fit&pl3>^^ hS6 6±C(i, p fJJ * - 5 y * m® 8 t) ? 
?fM ^titi^o fit, p m * - < y * II 8 co±®m^co^IM ^I^i^:, *£fl§l 

6 9^fM$tiTv^ 0 :©ieii6 9f±, ±.ummim%m<7)m%m9 tmm. ^25 

0 n m<Dm&£1l-fZ> S i Nl^^^o 

[0 0 6 7] 

mz iiffMtii, n 1 9 & «t tra 2 0 ^1- «t -9 mmm 6 9 o^fli't 

±ic, t>m*~ < y fG.M 8 <D±.mt Jaoiz^ nIGaNiSl^(IJ:H/h$ 

HSB3 (|U2 0//ra) £^"r& pfl!/*? K1S7 1 7&*^j£$*lT</>So d <£> pfflO/* y 
Km® 7 lO— ?j?>«7 1 ali, Ell 9 K^1-J: 9 spStfJKjL-C, flg^K^^tB-f 
^J;7i:M?fttv^ 0 fLT, pffl^ 1 ? .)' KM 7 1 o*E5^*tt-^tfi Lfc— 7 

1 a 14, 3&3fcJB6 4 0-7j^H5 6 4 h :* ? f£g1-&^i££Mx.&Ml£U 4 "CSiO 5 '* Jt -5 £ 
, S i NJH7 4 0±M±(Cf£g-r^^im6 9li:M?titv^„ pffll^y 
K**7 1 Ojt!l^60SSr>7 1 b U\ 5t%m 6 4 OHfe^<7)»6 4 i Steffi 1" £ffi££®x. 

itz, pM^y KIS7 1(±, ±IEfg 1 5kHkW&<r>vVk>*-J KIS1 1 k TJi^<b 
±JitC|fij*»oT, f-J 1 0 0 iim«0|*^t4T iit, & 1 0 0 n m^^ttl. P 

®7 n±, ^hhj<7) Ktij w-c** 0 fit, p ^ Km® 7 

K^tBLfc— #©38«R7 1 a±Kli > pffl/N° y Km® 7 1 <9 — lJ<D3mM 7 1 at»^ 
[0 0 6 8] 

ifc, nIG a Nit 1 ^loet^t 1 LTv>SilS 1 a J^«>«J*Jifc (4, ft 3 
00// mOffiittS nfiPim®7 3«$ntv^ 0 ;<DnfflSl7 3 (4, ±SB& 1 H 
MMWiV nffiijm® 1 3 k|Bj*i, nIG a N^IK 1 W*ffiHi5v^j&»<bilBtc, filOnmO 
Jp^^^-f^A 1 JBtx S2 0 nm?)i*^tSP tlL S3 0 0 nmOl?**tt 
* A ultCio-Ci)£$nTV>5 0 
[0 0 6 9] 

f3*I^-Cli, _h|E<7)J:9^, nl^ 9 7 KS 6 3lCfM$n^Mi 6 4 C9*B 
D 3 (Si 0. 5 m) * nIG a N3£« 1 ^)*B«t *) i>'bZ (t^ttiC, fgftS 6 4 
±t:M?n-S P a^7 7 K*6 5 <^ffi*H7t« 6 4<omtm£^i-ZZ. tKiot, 
jfeJB 6 4 ^LtffM^il^ nl^77Fi63ipI?77K165^p n 
^ $ < & & <7)-e, pn 3f£-#fi Sr/h $ < "T * - k § 4 0 i fc, *elt ME 6 9 (Dpjf^m 
pffll^y K117 1 OfiB 3 (&J12 0//m) nlGaNStKO 
19 <-T^-ktcj;or. pffl/** Km®7 1 k, &£S1£6 9 43it/S i NI7 

4 k, nffiG aNltl t K i 9 $ * £ < 1" & £ t § & 0 #K> 

i3^if§TlJ, f&TfcJf 6 4 <7)-^<£>lSSR6 4 h7^£g-t&Hlt£®;L£fIl£K£-C3£ 
J: 9 K5fcJS$*Lfcpffl|/< y Km® 7 1 <7)-^<7)^fP7 1 a«r, ^m&UZ&XQeMmz 
4 9 i:iSLtv^Ot\ 2 F®fitJ^mTEg^ff^tCf^$n^:pffl0^^7 KM<Z> 

t/c» i is xzrm2mmmmizit^x, Km® 7 KDftmmatzx t)^z<-?z 

o 

[ 0 0 7 0] 
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<7>fIl£±H nfijm©7 3 ^IfttS: £: Clot niG a N^|£ 1 O^MOilgHiO^cf 
LT^&flJtl a <h nfflim&7 3 t«L^v^T\ fSf£ L T v>£ fll& 1 a HsfE 

[0 0 7 1 1 

[0 0 7 2 ] 

<Dm&7u-txzmwi-&fzib<Dmmmx&& 0 ms -ms , mi o , mi 1 . m 

1 5 £ «fc tf'EI 1 9 - m 2 2 £ #BB t T , S3 ^IBl CJ: /?> 1^ - ^T-O 
^ it 7° n -fe ^ ^ o ^ T Ife 1" ^, o 

[0 0 7 3 ] 

if, !3 5~-[l8C^L/;Sl^te^*Ji:|5l1icoiiii^n-t^^fflv^T, nIGaNi 

« 1 ^Mt^»o 

[0 0 7 4 ] 

S3^S?lWi N i2 2i:it<t9t:, nSG a 1 o&fioit Ltv^ 

&tU£ lalK, filOOn mOle^^^i-^ S i NI 7 4 ifr 1 0 . 5 fi mCO^RID 
3^r#T-CM1-^ 0 -Oil MOCVDS^^t, S iN!7 4^IMSvx^i 
Lt, nSGaNlSlli:, n Mil 6 2 , nI^7'>K16 3, pl^7 
•j KJf 6 5&£VpM3>? ? hm6 6 £/H.#;j&K$-tir£o 
[0 0 7 5] 

^^a^cti, *«fi)S^^i i o o roj&fisstzmt Lfc#tffi-e, h 2 ^^^^2 j&» 

tii + t'JT^t, N H s i3 <fc V TM G a ri* 4 2>%MJf* S i H 4 frb & & K 

h 7TX i: £fflv>T, nlG a 1 ±C, SlOOn mWl^^t^ t & 

„ S5X1 0 1 s cm - 3 OK — tf ^^*«r^f"f * S i K — ~f£tlfz nlG a Nri»«bfc 
* nI16 2 £j£ft£« 0 -Ot, SH-^HTMA 1 $ <b tcjpx.r , n mm 6 2± 
fc, ft 4 0 0 n m^m^Zlli- Z> ttlsK, & 5 X 1 0 1 s c m~ 3 <D K- tf > VMUX 
^15X10' s cm" 3 'J TtikBtZ^-rZ S i rt ? K —rf^Utz nlA 1 o . 2 G 

ao. s NH44nS^7 7 Ki6 3*)£SH4o nl777 KI6 3±i:« 

02 1 KiFLfcJ: 9 4ISii^^rl-^>l§7t^ 6 4 £j£il$«o 
[ 0 0 7 6 ] 

JWM&Kfi, nS7 7 7K16 3«CSv^ n 7 v VM 6 3 Jill , ft 5 n m 
<Dmfr%^-?& t t 1^5X10' 8 c m~ 3 CD K- tf > Vm.H «t tttft 5 X 1 0 1 s 

cm - 3 <7)^f^'J7lg^ttl.S i^K-y§ft/:n!A 1 0 . 25 Gao. 7 5 Nj5> 
?>44nI+t , J77*n7^i6 4a (12 £#c:R£-££o 
[0 0 7 7 ] 

&«SJg£ift8 0 0r©«ffiSt:iSL/:tti-C\ H 2 *3«ty f N 2 frhta* 
^t'JT^t, N H 3 , TM G a^i^'TMA 1 7&»<b i-SJOgfl-^ t , S i Hj frhta 
Z> Y-^y Y if 7s t Zm^X, nS*^ 'J 77n 7^i64a ±fc, ftlOOn mOl?^ 

t & ft 5 X 1 0 1 8 c m - 3 O K- X Zfft 5 X 1 0 1 8 c m" 

3 \ 'J Tmm*fc1-2> S i F-7Ztitz nlA 1 0 . isGao. s 5 Ni'bi^ 
nMlcJfJ Ki 6 4 b 

[0 0 7 8 ] 

tt*7/K-7'Alo. 2 Gao. s N^t>^l.4i©iil6 4ct, ^j3nmOf 
<^.^^-r*T> K-T'A lo. os Ino. o2Gao. 9 NA 4 t>i-6 3§04tF>® 6 4 
d t «h i:i <9MQWv£14ii 6 4 e ZJ&fS.-t&o mW.m 6 4c 

£j&S$«P£('C(±. W.ftJfXt LTNHs , TMG a&ltf'TMA 1 ^fflv^i t U: 
> #Pi6 4 d «r^tS$-fr*l^t-t±, WMif^t LTNHs , TMG a. TMA 1 
TM I n Zm^Zo 
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[ 0 0 7 9 ] 

$HZ, C p 2 M g3j»t>45 K-^> > ^*fflv>T, MQWrSttS 6 4 e (ill 6 4 
c ) ±iZ, &100n mCDW-fr*^-?* ttkiZ, fo4 X 1 0 1 9 c m~ 3 CO K- tf>^ 
«*> «t tfifc 5 X 1 0 1 7 cm" 3 CO^-V'J TlI^tt^Mg^ K-7°$lx/:pIA 1 o 
. isGao. 8 5Nfr?.i5piWKi6 4f«'lSfiH4, pIW 
KI6 4 f #Sj 2 0 nmO|*^t^ t 4 K> !■) 4 X 1 0 1 9 c m" 3 CO V- fcf 

y^'-ftis «t tT#?j 5 X 1 0 1 7 c m" 3 <0*^ 'J T«ft«r#1-*Mg7&*K-ySftfc plA 

1 o . 2 s G a o . 7 5 Nj&»fcfc£ pltt 7 6 4 g 0 :ni:J: 0 > n 
S+t'J7707?l64a, n MitffJ Klf 6 4b, MQ WfSttS 64e, p Mitif 4 

vm 6 4 f j3 ij/'ps^ * 7 716 4 grt^fcasbw 6 4 7&«®ja$n*o 

[0 0 8 0] 

H12 2 tCTF-T J: 7 ifeSS^Sl 1 0 OtotftaitCiStL^^it, H 

2 £ J: V N 2 ^ h & Z> * * 'J 7 £: , NHs > T M G a £> «fc tK T M A 1 h & & J£$4#~ 
Xt, C p 2 Mg^?>4^ h'-^y h-ffXt&m^X* IBfcJf 6 4±tC, ^4 0 0 nm<7) 
Jp^£^1-£ t <>K, &J4 X 1 0 1 9 cm - 3 K — tf > ^*fiio «fc tfift 5 X 1 0 1 7 c 
m~ 3 co^r ^ 'J TiftlJt £^fi~-5> M g t5 ? K— ~f^i\tz p MA 1 o . 2 Gao. s N*>f>44 
pl^7 7 KS 6 5 £j£S£«o C Si^^NHs is i^TMG a «;fC> 
pl?77 KJf 6 5±K, SI On m<DW^*^-f & ttklZ, %) 4 X 1 0 1 9 cm" 3 
<7) K— tf >^Jti5 J: 1/%) 5X1 0 1 7 cm~ 3 co*^\) TilS £^1" & M g K- 7° $ ft 
/:pIGaN^^4^pl3^^7 M66 £j&ft£-tf£o 

[ 0 0 8 1 ] 

±feoi9^. nIGaNlSlii:, nS162, nl^57K!6 3, Ml 6 4 

> nlGa 1 com&coM* LX ^ &WM 1 aiC^SftfcS i N17 4 

Sv^^tLtlV^OT% nl§62, ni^77 KI63, M164, pl^7? 
K*65*3«ty f pSl3>^^hJi66t:, nlGa N£ft 1 0|Et£**^» 1-&<7)£}tp$IJ-r 
Z^ttfXhho ttz.miO. 5 mOH^RID 3 ZmxXfcf&ZtitzS i NI7 4 
Mfi-77,nLT> nIGaNifiliC, Sffl:*»*#i(H£&S (6 2 - 6 6) fcj&jfe 
ti^tCioT, nMG a N^^S 1 OipgJ: 19 ^>/h$v^ID 3 (1^1 0. 5 m) 
-SMtlf^fMi (6 2 - 6 6) ^itt^i i:75 ? -e#-2>0-e, nSGaNi«l<7) 

-6 5) CO A 1 &j£Jfc&^< Ltzt a-fb*****#W (63-65) 

h S i NI7 4 M^KMI^ft 10. 5 ft m^ipID 3 h X n CffMJtitv^^t, 

n M/f 6 2. nl777Ki63, 64. pS^77 K16 SiJi^pI^y^^ 

hm 6 6 Oflltfs ^fi-eti. nMG a N*1K 1 <D^X «9 t/hSv»(HD 3 (&J 1 0 . 5^m 

) 

[0 0 8 2 ] 

H 1 0 is «fc tK HI 1 1 H^LTtfS 1 ^Jfeff^t|Bj#Oi^iiyn-fc^^fflv^-C, HI 2 
0 C^L/:pI^ 7 y K« 6 5 CO&U6 5 b b 9 H66b:J: oTM£ix 

* U 7 v§&6 7 iWUZ-tZo 
[0 0 8 3] 

COf£, m3mmMmxii, i2 0i:^L/;J:9ifMt4pffl^7 K«« 7 1 «: 
^$L-f& 0 pilJ/^ y KM 7 1 <D&ftmizm& Ltz— -t5<Dl&U7 1 aU, HjtlB 6 4 <D — 

•J KM 7 1 O^OSSSB 7 1 b(4, ^7t©6 4 <04t!i77 O^SP 6 4 i 3^M1" 
x.4i"i9«:Mt4o ttz, vfflsty K«« 7 1 <7>ffili, nIGaNi«l©ffiJ:n 
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#S1 2 0 0 3 - 3 3 9 4 2 1 ^- y : 15/ 

[0 0 8 4 ] 

H^gJiSFfe£/flv>T. nlGaNlSl^lffii^lC, nfflim* 7 3 ^fltfifc 
■f&&mm (H^-tt-f) $-MU:fl nlG a Nit l ?)»fifiOiff Lt^4I 
mi a±i:tit-5tIi^i*tS^fci:J:oT, *litS7 3 SrMtSo 
[ 0 0 8 5 1 

, ft 3 iilit'li , HI 9 £ J: V'm 2 0 L tz X 9 p y KM 7 1 
OtEJ&lfcK^tti Lfc— ;£tf>3*IS7 1 a±(C, P iBiJ/N°-7 KM 7 I <D-Jj<DH%tiU7 1 at^ 

[0 0 8 6] 

hic j: o ft, $ h i-^mn^.<omm t %j$<DM.m.& x trmmftx^ir^xwgz^.tf 

[ 0 0 8 7 ] 

tztz. (i\ ±tmiMMm-eii , HftH t P S^7 7 KJf <D¥i£.U t am Cttiz ta Z> X 7 
[0 0 8 8] 

i , ±mm 1 is x if m 2 mmxmx* a . P 7 km * , ph a j&r 

£ m-f p y KM * « LTUv^o 
[0 0 8 9] 

[0 0 9 0] 

ifc, ±.tmn%mxi±, MocvDa^fflv^T, sr^s^?-* 

^i^:Lfc^\ ^^WUZixtzmbir, HVPEft, TMAI, TMGa, T 

MIn, N H 3 . S1H4, G e H 4 is X LK C p 2 M g i £*£M$-:2f * <h Ltlv>4 
V-XMBEft (Molecular Beam Epitaxy: ^i 1 ^ tf * * v * 

[0 0 9 1 ] 

±mnmmmxtt, mitm^mw^m^m^ (oood sk** j:9k« 
mttztf* *&mitztuzmc>-r. miiM&*mfo&m<Dmwm&<7)jjfti l z%&x o k« 

ILtUv^o tzt x.tf, ^fc^#i*#:;&«?>^iSri ? (1-1 00) (1 1-20 

) li^O (H, K, -H-K, 0) iCi^iTCtlLTU^o - MQW 

tm^-t<on^mm<onr^mmi-^z\ t^-cii. t<r>^m. mqw^iom 

^£[SJ±£« £ £ 0 ifc, (1-10 0) ffi^ (1 1-20) ®^<biSf4LT 

[0 0 9 2] 

-kiS^ifcJBSS^tt, ittlUT#li?#P (MQW) »jiOfi&ttS«:fflv»a 
[0 0 9 3 ] 
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[d2] 01^)100-10 Oij£K:?&ofc»r®E|-e£>£o 

[El 3] HI 1 ££0^3 2 Kj^Lfc* 1 lllli:UMII*ffti/-flTof 

[H4] mi is «tonn 2 tc^Lfc* i %m&m\z t. i>mtm^mw^-^m=^^ m 
in 5] mi &£v?m2 i,z7f;Ltzmi3kMMm~£z> 

ii^n-fcy^ffti^-f £fca6<7)B[fME|-e&&o 
[16] Hl*3J:O f BI2H^Lfc*lllM3BSgtcJ:4 

[13 7] 0 1*iJ:tf|g2H^Lfc*l|lifc^jiUJ:& 



[El 8] m 1 ^<t^ll2 K^LfcH 1 MMMWAZ £%> 

[ El 9] IH 1 ^<t^"EI2 ti^t^^l^Mf^JCi^Mftt/^^^l^-^T-^ 
it -7° n -fc ^ £ f ft -f & # o ©f jg El -C * -5 o 
[EI 1 0 ] EI 1 fcJ:CKE12 HTFLfcfg 1 "^MMWAZ X Z> 

[eii i] mi&£vm2\zmLtzm\%m&&K£z> 



m&yu-kx*m.w-rz>tz&<vwmm-?$)2> l 



•Wo 



[ei 1 2] ei i is x z/m 2 K^Lfc» i nmmwjzxz: 

[EI 1 3] El 1 &£Z/m2 bZTFLtzm 1 $kM%mizXZ>\ 

m*k7u^xzmn'fz>tz&<7)mmmx$>z>o 
[eii 4] mi isxx/m2 i / z7^Ltzmimmmwjzx^m.im^m^' 
m&yv-bxzmwirzfzitxvmmmx'&Zo 

im \ 5] mi &xv s m2 i / z^Ltzmi^mMMi / zx&mt^&¥m>fai'- j> fm z ?-<D 
m&7u*x*m.W'f2>tztb<Dm-®m-z:$>2> 0 

[Ell 6] El 1 *5iO f H2 KiFLfcfc 1 ^^S^J:^>MM^^«#^-^^T-0 

[Ell 7] ^B^co^2^MMi;J:^^fbt/^#«#:^-- 1 f#T-60f»ii^^L^¥ 
MEI"C&& 0 

[EI18] Ell 70200-20 0 i»Ki&o fcKfrffiEI-C&&o 

[eii 9] *&w<Dm3nMj&mz£&mmfc¥mftu-vm¥<om&i7FLt:¥ 
mmx&& 0 

[E120] ai 903 00-3 o omzr&^>fzmmmx'$>z 0 

[El 2 1] Ell 9 & Oiz&L tz% 3 &MJ&mi l z£&mim&¥&ft-l'--*) ! m 

^<v§£±mcomm£7FLfzmmmx&&o 

[El 2 2] Ell 9&£Z/m2 0 t:^L/;^3^If itci £3 



[0 0 9 4 ] 
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5 
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nlGaN: 



3 nS^77 KI 1 
MQWffittl (r&tSfeJS) 
6 4 h 

p M 9 v v K 
6 5a 

6 5b ftstf 

4 9.69 
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mm] 

m : ik^m ^iitMWl^-ffflOlt nIGaNifillCM$li/;n 
ffl^7 7K13t, nl^7 7 K§3±i:M$^ nIG a N^fK 1 ^fSi !9 4>/h$v> 
IID 1 ^^irh^itm 4 !§7c;Jf 4 _LHM;£;ft, itsD 1 ^*t^W5 a <h , TO 
SB 5 a frh^tti-fZ X 9 K3fcj£$*ifcf£jte« 4 OipiD 1 ct & /J> $ v*fBW £^1" Z> &U 5 
b t £-a pS?77F15^ pl^r; K« 5 coam> 5 b ±HM $ ixtz p fflij* - < 
v 9 mm 8i, p ii * - 5 y 5 M 8 0_LM ^1^9 K J£j£ $ ft ^i^fM 9 

fc, ««lR9W-«±U^lfiS*L, n9G a NX« 1 W(B J: •) v>(BB 1 ttt4 t 

1 a pffiiJ/^v KM 1 1 t ^lit^^c 

[il^HI] IH 2 
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